This work presents an acoustical characterization of religious historic cloisters which were modified by
Introduction
A Cloister is the building place, usually in a monastery or convent that consists of four open corridors (galleries) that surround an interior open courtyard. Due to the increase use of old monasteries by other activities is possible to find today cloisters as museums, concert rooms, exposition galleries, restaurants, leisure areas in luxury hotels, etc. For the new use it is necessary to modify the old open cloisters' space, to have an interior place, by closing the galleries' opening to the central open yard with glass, to avoid rain and wind. This work relates the interior geometry with the acoustical parameters measured (RT and RASTI) and quantifies the values' variation on these parameters in the "closed" cloisters comparatively to "open" cloisters (the primitive situation with no rehabilitation [1] ). The variations on these parameters' values relatively to "open" cloisters, based on the prediction formulas found, can be useful in Acoustical Rehabilitation design.
Method

Sample
Six historic cloisters in Portugal which open galleries were closed by glass (transforming them in an interior space, "closed" cloisters) were used as sample (Table 1 and Fig. 1 to 6). Table 2 shows the values of their architectural parameters with a statistics summary. In cloisters with lateral chapels where their entry is through the galleries, the α of their entrance openings was taken as in Table 3 [2] . For small openings (less than 1 m depth) α was used according to the existing material (other openings were treated as chapels). 
Methodology
The RT (Reverberation Time, from 125 to 4000 Hz octave bands) and RASTI (Rapid Speech Transmission Index) were measured using a B&K 4224 sound source, a B&K 2260 sound level meter and a B&K 3361, and they were taken in half a cloister, in two perpendicular galleries, as the cloisters were symmetric. Each measure was taken with the microphone positioned at approximately 1.30 m of the ground. The measurements were made in four positions ( Fig. 7) and for each the average of three values was taken. Table 4 shows the mean values for the measured RT and RASTI. The speech intelligibility suggested by RASTI values is reasonable in three of the cloisters which have values above 0.46. On the other three cloisters, RASTI values were below 0.43 that show mediocre speech intelligibility. This can be explained by the dimension of BP and SF cloisters which are the biggest measured, so there is more variability on RASTI values that decrease with the distance to the sound source. The high galleries' height and the existence of lateral chapels on SB cloister, can affect the large variation on RASTI values. RT mean values obtained for the 500 Hz to 2 kHz octave bands were between 2.8 and 3.4 s which is high for many of the cloisters' new uses, especially when the speech intelligibility is fundamental. However these values would be good if the local is used for choral singing. Table 6 shows the best relationships regarding simple models between the mean values of the acoustic and the architectural parameters of the cloisters studied ( Table 6 Best simple models between acoustic and architectural parameters (V and A concern to half a cloister: two perpendicular galleries) Fig. 8 and 9 Some of the best simple models between RASTI and architectural parameters (V for two perpendicular galleriesbroken line refers to "open" cloisters). 
Results
Analysis
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General linear models
To improve the above simple models general linear models were tested and the results are shown in Table 7 . All relationships are very precise and the best ones are related with the highest frequency bands of RT (the most significant for speech intelligibility). The variability is strongly justified mainly by the volume (V), the glass area (Sg) and/or the Absorption (A). Table 7 Best general linear models among acoustical and architectural parameters (Sg, V, Sp and A refer to half cloister: two perpendicular galleries)
Comparison between expressions for "closed" and "open" cloisters
Simple models
The variation in the RASTI and RT values (that is, RASTI and RT) that the close of the galleries with glass implies, is analyzed (it is only considered the close of the galleries with glass, not considering any possible change in the furniture, which would implicate a change in the calculated sound absorption of the space).
The RASTI and RT were obtained by subtracting to the measured values in the "closed" cloisters of this study the values predicted for the same cloisters using the best predicting formulas in the thesis about "open" cloisters [1] :
The Eq. (2) and (3) return the predictive values that would be obtained if the cloister were measured prior to the rehabilitation and closure of its galleries with glass, meaning an approximate value that the same cloister would have if it was still "open" (non rehabilitated).
With the values of RASTI and RT obtained by Eq. (2) and (3) relationships were found in which those values were related with the architectural parameters in the cloisters' galleries. Table 8 shows those formulas (Fig. 11 to 14) . Table 9 shows the best general linear models found among the variability of the RASTI and RT values as a result of the closure of the galleries with glass ( RASTI and RT) with the architectural parameters. These prediction formulas are very precise (R Table 9 Best general linear models for RASTI and RT based on architectural parameters due to closing galleries with glass (all parameters from closed galleries -V, Sp and A referring to half cloister: two perpendicular galleries)
General linear models
Conclusion
In the cloisters measured, the mean RT values in the most important frequency bands (500 Hz to 2 kHz), were about 3 s, which is elevated to the new uses of these rehabilitated spaces.
From simple relationships among acoustical and geometrical parameters it was noticed that the variability of the RASTI values is explained essentially by the volume (V) or by the height of the galleries (H).
The variability of RT values depends most of the height (H), volume (V) and sound absorption (A). These parameters influence the variability of RT values in all frequency bands, but mainly in the lower ones. In the simple models relationships among acoustical and architectural parameters, the galleries length (L), the area of glass (Sg), the opening area of the chapels (Sc), and the width (W) do not appear to be very significant to the variability of the RASTI and RT values.
From general linear models among acoustical and architectural parameters the variability of RASTI values is strongly justified by the volume (V) and by the area of glass (Sg). The parameters that most interfere on the variability of the RT are the height (H), the volume (V) and, mainly, the sound absorption (A).
It was possible to conclude about the variations on RASTI and RT values ( RASTI and RT) that this type of rehabilitation of cloister implies (the act of closing the galleries with glass). On simple models, the sound absorption (A), the volume (V), and the height (H) seem to be the parameters that most influence RT and RASTI.
General linear models were obtained that quite precisely justify the variation on the RASTI and RT values caused by the closure of the galleries with glass. The height (H), volume (V) and sound absorption (A) seem to be those that most influence that variation. The expressions now provided can be useful in the design of historic rehabilitation in cloisters of similar dimensions to the sample on this study (galleries with lengths of 15 to 30 m and heights of 3.5 to 6.5 m).
